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Extension of the locks of Born, Maasbracht and Heel in the river Maas 
 
 
The River Maas has a length of about 950 km and finds its 
origin in France. It flows through Belgium into the Nether-
lands. In the Netherlands the river flows to the north first 
and then westward and finally flows into the North Sea near 
Rotterdam. All year round the river Maas is mainly fed by 
rainwater. 
The river Maas is one of the most important waterways for 
inland shipping in North West Europe. Therefore it is 
equipped with a series of locks, weirs, and canals. In addi-
tion, the river is important for surface water run off, 
groundwater reference, drinking water, transport, source of 
materials, as a landmark, as ecological habitat and for rec-
reational activities. 
 
After the serious flooding in 1993 and 1995 it was concluded that something had the to 
be done to prevent this from happening again. Plans were made to protect populated 
areas along the river Maas against floods. These plans are referred to “The project 
Maaswerken” and Rijkswaterstaat Maaswerken is the 
project organization responsible for the realization of 
the plans on the stretch from Maastricht to Weurt (river 
Maas to Maas-Waal canal). 
The two main objectives of the project Maaswerken 
are protection of populated areas against floods and 
improved shipping possibilities.  
Consequently locks have to be enlarged and bridges 
heightened, allowing vessels of up to 195 meters and 
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The complexes in Born and Maasbracht were built in the sixties and each comprises 3 
locks. The complex in Heel contains two identical locks and was built in the seventies.  
 
Of each complex only one lock will 
be extended over 80 m to achieve a 
total length of 225 m. The choice of 
the lock that will be extended was 
made on nautical terms. The exten-
sion will be made on the upstream 
side.  
 
In times of drought, draught for the 
vessels on the river Maas need to 
be assured. Therefore the complex 
in Maasbracht has a sewer that connects the upstream lock heads of the eastern and 
middle lock and saves water when leveling the locks. Because of the extension of the 
eastern lock of Maasbracht the existing sewer must be demolished. A new sewer must be 
built between the western en middle upstream lock heads.  
The new upstream lock head of the extended eastern lock of Heel will be provided with 
an opening for a possible future connection with a storage basin. 
 
Besides the extension of the locks the complexes will be totally renovated, including new 
iron mitre gates and operating mechanisms. Special attention is required regarding the 
renovation of the walls of the lock chamber. All locks are u-shaped reinforced concrete 
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the walls have shown movements of several centimeters over the years. The walls need 
to be stabilized again and soil pressure has to be reduced. 
 
Until the beginning of this century it was common that Rijkswaterstaat did most of the 
engineering by itself. This resulted in the use of detailed contracts and contractors were 
selected at lowest price. Generally the contractor focused on realization and the govern-
ment did intensive quality control. 
 
Nowadays more influence of the private sector in design and development of large public 
works is promoted by using Design and Construct contracts. By using Design and Con-
struct contracts Rijkswaterstaat is challenging the private sector to come to more efficient 
solutions and to stimulate product and process innovations.  
 
A Design and Construct contract with functional and process specifications is also used 
for the realization of the extension of the locks of Born, Maasbracht and Heel. Quality 
control will be risk based. This implies a minimum of product control at the construction 
site and more process and system audits. The contractor will be responsible for design, 
legislation affairs, construction, quality control etc. 
 
The final contract is awarded to the “Most Economically Advantageous Tender”. The cri-
teria for this selection procedure were not only the price. Contractors also had to provide 
insight on the quality of their processes such as applied risk management and the com-
petencies of the selected team. Finally, for this specific contract the hinder to the naviga-
tion played an important role.  
 
With the specifications and the selection criteria given by Rijkswaterstaat the work for the 
subscribers to the tender begins. Hereafter, the tender of the winning combination of contrac-
tors, Besix-Mourik, will be illustrated 
 
The procedure as mentioned above, challenged the engineers to make an offer that was 
competitive on three aspects: 
1. Quality of process, 
2. Hinder to navigation in terms of minimal obstruction of the locks, 
3. Costs 
 
A systematic approach, based on the goals of both the client (Maaswerken Rijkswaterstaat) 
and the contractors (Besix-Mourik) was used for the first aspect. The analysis of these goals 
revealed their similarities and differences and therefore was the start of the risk manage-
ment. 
 
The other two aspects interact. A very cheap construction method can result in a long ob-
struction of the locks. However, a rapid construction method with minimal obstruction can be 
very expensive. The optimum balance had to be found. 
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To achieve this, a close interaction between design 
and execution was needed. The designer is respon-
sible for a solution that is feasible and fulfils all re-
quirements. The contractor has to determine the 
costs and the down time of the lock. Hence, inte-
grated engineering, not limited to the constructive 
design, but also incorporating work preparation, 
planning, and risk management. 
 
Besides these aspects, the various disciplines that 
are required for a lock design had to be integrated. 
The civil works for the construction of the lock cham-
bers and the lock entrances, the specialised design 
of the lock gates, the design of the operating mecha-
nisms for the gates and valves and finally the electro 
technical works for the communication and control of 
the lock. 
 
A few examples of the integrated engineering are given by describing some of the solutions 
that have been reviewed in the alternative study that has been made at the start of the tender 
design. In this study also the environmental conditions where decisive for some choices. Not 
surprisingly the most important conditions were the ground and water levels. 
 
The alternatives are reviewed on the four most important aspects: 
1. Costs, 
2. Obstruction of the locks, 
3. Risks, 
4. Ground and water levels 
 
The first alternative thought of, was a prefabricated concrete structure floated into position 
and submerged to its final location. Savings could be made by prefabrication and because 
the obstruction of the locks would be short. Because of the experience with sunken tunnels 
the risks were also considered to be small. 
 
However, this alternative appeared to be almost impossible for the reason of the ground and 
water levels. The weight of the structure completed to its final height would result in a 
draught much larger than the depth of the channel. Furthermore, the extensions of the Maas-
bracht and Born locks had to be made at the upstream side of the locks. At this side the en-
trance channel is elevated above the surrounding fields. Digging a trench through the 
watertight channel bottom meant the water would drain into the gravely subsoil. 
Solutions to these problems could be found. However, these would implicate extra costs, 
extra downtime and extra risks. Hence, the benefits of this alternative would be lost. 
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In the second alternative the structure would still be 
prefabricated, although as close to its final position as 
possible. This way the construction side and de final 
position could be separated from the channel to avoid 
the problems with the water draining from the channel. 
Several variations of this alternative have been re-
viewed but all of them had a major disadvantage on 
one of the remaining other three points. Sliding the 
construction into its position would mean very long 
slopes resulting in high costs because of the extensive 
ground works. Another variation was filling up a part of 
the channel with soil on which the construction could 
be made followed by pneumatic sinking into the 
ground. However, during both the construction and the 
sinking the lock would be obstructed for a long period. 
During a brainstorm session even the idea of rolling the structure into position came up. The 
idea was soon discarded as being too risky. 
The remaining alternative, building the constructions at its final position, soon turned out to 
be the most economical. Costs of the construction itself are higher. However, there are many 
savings on temporary constructions. Obstruction of the locks seems longer although, for the 
prefabricated alternatives temporary constructions appeared to be time consuming as well. 
Risks are relatively small since all techniques are proven. As for the ground and water levels 
this alternative appeared positive since variations could be made to the local situation at 
each of the three locations. 
For all three locations the walls for the lock chambers will consist of anchored combi-walls 
with concrete facing. The concrete structure of the lock entrances will be constructed inside a 
sheet piling building pit using struts for stability. The differences are in the construction of the 
floors. 
At the location of Born a clay layer in combination with drainage makes dry construction of a 
pilled floor possible. For the Maasbracht lock reinforced under water concrete will be used 
but because of the sound ground layers in combination with a relatively small upward water 
pressure no piles are required. At Heel the groundwater level is much higher resulting in 
large upward pressures. Here under water concrete in combination with piles will be used. 
The costs of the chosen construction method in combination with the related obstruction time 
resulted in the “Most Economically Advantageous Tender” among the subscribers. There-
fore, the combination Besix-Mourik is currently engineering (integrated) the extension of the 
three locks in Born, Maasbracht and Heel. 
For Rijkswaterstaat, in general, the main goals of the contract and selection procedure 
have been achieved. There were several interesting different technical solutions to the 
problem, which indicates that contractors were sufficiently challenged to offer efficient 
solutions. 
 
